A new S-shaped negative differential resistance (NDR) switching device, prepared by molecular beam epitaxy (MBE), has been successfully developed in a GaAs double triangular barrier structure. Symmetrical bidirectional S-shaped NDR characteristics are observed experimentally. The bidirectional current-voltage (I-V) characteristics exhibit a new type of NDR caused by an avalanche multiplication process in reverse biased base-collector region and barrier redistribution. Under a base current injection with respect to the cathode, the device exhibits a conventional transistor with a current gain of 1.2 at room temperature. The experimentally electrical results can be easily understood by an equivalent circuit. In addition, a new optoelectronic switching device is also proposed which may have the potential for bidirectional wave length emission.
INTRODUCTION
Devices with S-shaped negative differential resistance behaviors have been taken a high interest in their potential as functional devices in logic [1] , memory [2] and high speed applications [3, 4] . In the past few years, a variety of S-shaped NDR devices, including metal-insulatorsemiconductor [5] (MIS) structure and triangular barrier (TB) switch [6, 7] , double heterostructure optoelectronic switch [8] (DOES) and *Address for correspondence: P.O. Box 345, Tainan, Taiwan 704, Republic of China. Fax: 886-6-5970454, e-mail: yarn@cc.fec.edu.tw heterostructure hot-electron diode [9] (H2ED) etc., have been broadly investigated for their possible applications. Most of them concerned with the I-V characteristics are concentrated on developing the unidirectional switching behavior of heterojunction NDR devices. These devices possess switching behavior only in the forward bias condition, whereas in the reverse bias condition, they function just as a reverse biased diode. However, efforts made for the occurrence of bidirectional bistability switching behavior using the barrier structure are rare and still limited.
Owing to the original work made on the investigations of electrical NDR conduction in a quantum well structure by Esaki et al. [10, 11] , there has been a growing interest in the development of superlatticed NDR devices. Recently, the A1GaAs/GaAs superlattice structure [12] and sawtooth doping superlattice [13] have been applied to demonstrate the possibly bidirectional I-V characteristics using the periodically symmetrical structure in either direction. But, the physical properties of present NDR are strongly dependent on the period length. In addition, a recent report by Darwish et al. [14] using two MIS structures back to back in series, i.e., MISIM structure, has suggested a bidirectional S-shaped NDR. The concept to obtain the expected switching characteristics has been utilized in our study. Thus, a homojunction GaAs bidirectional bistability switch using n + -n- 
EXPERIMENTS
The studied GaAs bidirectional NDR device was grown by an Anelva 830S system on a (100)-oriented n+-GaAs substrate. The details of sample growth and MBE growth procedure have been described elsewhere [15] . The corresponding layer sequence, thickness and doping concentration are listed in Table I . The studied structure, as Finally, all the studied films were measured in the dark using a Tektronix 370A curve tracer and an HP 4145A parameter analyzer at room temperature.
RESULTS AND DISCUSSION
Basically, this device can be regarded as two GaAs p +-n--6(p +)-n--n + regenerative switches with the p + layer back-to-back connected together. It also can be considered to be the combination of a regenerative switch incorporated with an another n-d(p +)-n-n + TB diode. The operation mechanism can be analyzed with the aid of the equivalent circuit shown in Figure l( [17, 18] , where M represents a multiplication factor and defined as M 1/(1-(Vcn/ BVcno)n). Holes, generated by avalanche multiplication, will diffuse toward the base and D2 and accumulate in the potential maxima of the valence band, whereas electrons will diffuse toward D1 and accumulate in the potential minima of the conduction band. Owing to screening effect [17] , the carrier accumulation in turn lowers the potential barriers, D, D:, leading the potential redistribution in the band structure. Therefore, a positive feedback loop is then established and collapse the internal TB. An switching phenomenon is generated. As If the polarity of anode to cathode voltage is reverse now. The bidirectional switch will be turned on by the same mechanism as described above due to the symmetrical structure in either direction.
In addition, one can obtain the asymmetrical I-V characteristics on purpose with two unequal TB structures.
To Figure 5 . In the off-state, the impedance is high and there is no emission light. In the on-state, the impedance is low and strong emission of light [21] 
CONCLUSIONS
We have demonstrated the first observation of a unidirection and bidirection combined switching device which possesses a strong and symmetrical bistability phenomenon in a GaAs n+-n -6(p +) n-p + n 6 (p +) n-n + structure. A bidirectional switching behavior, which is attributed to the avalanche multiplication process occurring within BC junction and the TB redistribution, is obvious in either direction of experimental I-V characteristics. In three-terminal operation, a conventional transistor behavior and switching phenomenon is obtained, simultaneously. The best value of current gain is 1.2. Owing to the reproducible switching characteristics and three-terminal operation capability, an optimized design on device performance will bring it to have great potential for optoelectronic applications in future.
